BE IT KNOWN that We, Joachim BAUMGARTEN, Bernd 
HOLTMANN, Hendrik SCHOLLE, and Heinz PETERS, have invented certain 
new and useful improvements in 

METHOD AND DEVICE FOR SEPARATING A FLOW OF CROPS 

of which the following is a complete specification: 



BACKGROUND OF THE INVENTION 



The present invention relates to a method and a device for separating a 
flow of crops, which contains at least two material parts, designated as useful 
material or waste material, into a useful material flow and a waste material flow, 
in which, respectively, the useful material or waste material is concentrated. 

Each separating process is a compromise between three specifications 
running counter to one another. A high flow rate of the separating method is 
necessary, in order to use efficiently the utilized resources, such as machines 
and labor and to maintain the costs of the separation at a minimum. With 
increasing flow rate, however, the selectivity of the separation is reduced. A high 
selectivity of the separation means, on the other hand, that the portion of useful 
material, which is moved into the waste material flow, should be as small as 
possible. That means that the useful material contained in the flow of crops 
should be obtained as completely as possible. On the other hand, the smallest 
possible waste material should be contained also in the useful material flow. 
Minimal waste of useful material generally can be achieved only when it is 
accepted that waste material is moved into the useful material flow, which, in 
tum. detrimentally affects the further ability to process and the value of the useful 
material so obtained. A high purity of the useful material flow must be purchased 
generally with losses of useful material. 
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In order to coordinate these counter specifications, it has been proven 
advisable to perform separating methods in two steps, in which in a first 
separating step, a pre-cleaned flow is produced, in which the useful material is 
maintained as completely as possible, and likewise, the remaining portion of 
waste material is accepted. It is important that the flow rate of the pre-cleaned 
flow is substantially reduced in comparison to the original flow of crops, so that 
the second separating step, which is applied to the most complete separation of 
the waste material as possible, can be effectively performed. 

A two-stage separation of grain and non-grain material is prevalent with 
harvest combines. As an example, reference is made to U.S. Patent No. 
4,934,985, which describes a combine, in which a first separating step, with the 
aid of a threshing cylinder and separator cylinders, separating the flow of crops 
into straw, which is discarded, and flow containing grain and chaff, that is, spelt 
and fine stalk fragments, which are cleaned subsequently in a second separating 
step. 

The separation of the pre-cleaned flow takes place in the common manner 
via so-called separating cages, in the forni of perforated sheets or sieves, which 
are associated with a rotor, respectively, and which lets pass the grain-chaff 
mixture fonning the pre-cleaned flow, while the straw is conveyed further by the 
rotor and finally thrown out. These separating cages are formed as sheet cages, 
that is, sheets, In which holes are applied with a fixed size specified for desired 
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crops, or as a wire cage, which are formed by bars arranged in defined distances 
and provided with bores and wires, which are guided through the bores. The 
geometry of the openings is unchanging with all of these separating cages. An 
adaptation to the requirements of different thrashed fruit is therefore possible not 
only by an exchange of the separating cages or by changing their opening 
geometry, in which, for example, additional bars or sheets are screwed in. Such 
an adaptation is very time-consuming and when multiple separating cages must 
be held ready with different hole dimensions, it can also be very expensive. 

However, if adapted cages are used always on the thrashed fruit to be 
processed, generally, an optimal separating result is not achieved with the actual 
technology. The basis for this Is the qualities of the crop materials themselves, 
which can differ greatly, in particular, depending on their moisture. When one 
accepts that the first separating step is well adapted to a two-stage separating 
device to a selected crop with a specific degree of moisture, so that it can be 
operated with a high flow rate of the crops and run a pre-cleaned flow with a 
minimal waste portion, then generally, the second separating stage is not 
efficiently dimensioned based on economical grounds as is necessary to 
processing this pre-cleaned flow. If the crops are drier, then this facilities the 
separation in the first stage, so that this could be driven, in principle, with a 
higher flower rate, without increasing the useable material portion in its waste 
material flow over a permitted amount. With increasing drying, the crops, 
however, are subject also to Increased formation of small fragment pieces, which 
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are moved into the pre-cleaned flow and increased its waste material portion. An 
increased flow rate of the first separating stage therefore leads to an over- 
proportional increase of the flow rate, which must be processed by the second 
separating stage. This can be easily overloaded, therefore, with the result that its 
purification action is insufficient or can be achieved only with acceptance of a 
high loss of useable material. Generally, one can determine that the common 
two-stage separating methods and devices only achieve an optimal efficiency for 
a predetermined degree of dryness of the crops, in which both stages are 
working at their upper capacities. If the drying is stronger, the first stage must be 
driven beneath Its capacity, in order not to overload the second. With a higher 
degree of moisture, this is reversed. 

A combine with devices for detecting grain loss, which are arranged on a 
waste material flow, is known from DE 21 06 930 C3. The detection results of 
these devices are used in order to regulate the speed of the combine 
automatically or to produce a command for regulating the speed for the driver of 
the combine. 

An object of the present invention is to provide a method and device for at 
least a two-stage separating of a flow of crops into a useable material flow and a 
waste material flow, which also makes possible with changing qualities of the 
flow of crops an operation of both stages at their upper capacities, and therewith, 
makes possible an optimal efficiency. 
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The object is solved by the method and device of the present invention. 
By regulating the selectivity of the first separating stage, the flow rate of the pre- 
cleaned flow processed by the second separating stage can be affected. This 
means that when the flow of crops to be processed is drier than an actual 
adjustment of the selectivity of the first stage, then by increasing the selectivity, 
the flow rate of the second stage can be reduced and so an overloading can be 
avoided. 

In order to recognize an overload, at least one quantity combined with the 
amount of useable material into the waste material flows must be detected. 
Preferably, this is differently separated for each of the two waste material flows. 
Thus, also, a simultaneous overloading of both stages can be recognized and by 
reducing the flow rate of the flow of crops supplied to the first stage, 
counteracted. 

Preferably, the amount of useable material contained in a waste flow is 
directly detected by measuring the waste material flow after the separating step. 
For example, this can occur in an acoustic way by detection of impact noise of 
the waste material flow, which is different for grains and blades contained in the 
flow. 
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Another possibility is to detect the amount of useable material contained in 
the waste material flow by measuring the material flow rate of the separating step 
that provides the waste material flow, whereby, then, the amount of lost useable 
material, for example, can be deduced with the aid of an empirically determined 
table or function. 

A further possibility is to separate still a remaining, residual material flow in 
a second separating step in addition to the second waste material flow and the 
useable material flow, whose material could not be safely separated into useable 
material and waste material, and to detect the material flow rate of this residual 
flow. 

Preferably, the selectivity of the first separating step is regulated, such that 
an equal portion of useable material is implemented in both waste material flows. 

An adaptation of the selectivity of the separation to the detected portion of 
useable material into the waste material flows can take place fully automatically, 
or it can be produce a command to a user of the machine, that the selectivity 
should be increased or lowered, whereby It rests with the user to provide a 
corresponding adjustment. 

When the useable material portion in both waste material flows exceeds a 
threshold value, this is then an instruction that both separating stages are 
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overloaded and that the flow rate of the flow of crops should be reduced. In the 
reverse, in order to make possible an effective operation, the flow rate of the 
crops should be increased when the portion of a useable material in both waste 
material flows falls below a threshold value. When the Invention is used on a 
drivable crop machine, it is recommend to increase or reduce the flow rate of the 
flow of crops by adapting the speed of the crop machine. 

A preferred possibility is to automatically control the speed of the crop 
machine with reference to the detected useable material portion, in order release 
the driver of the machine from this responsibility. In order to avoid an 
unexpected acceleration and braking of the machine, it is also possible, however, 
merely to produce an instruction to the driver of the harvesting machine that the 
speed can be increased or reduced. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Further features and advantages of the present invention are provided in 
the following description of an embodiment with reference to the attached figures. 

Figure 1 shows a schematic section through a combine, on which the 
present invention can be realized; 

Figure 2 shows an enlarged detail of the combine of the combine of figure 

1; 

Figure 3 shows a cross section through the combine in the height of lines 
Ill-Ill from Figure 1; 

Figure 4 shows characteristic curves of the grain loss as a function of the 
flow rate for the different separating stages of the combine with different crop 
conditions; and 

Figures 5 and 6, respectively, show a flow diagram of a control method for 
the combine. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Figure 1 shows a schematic section through the back region of a combine 
as an example for a separating device of the present invention. With such a 
combine, a flow of crops to be separated is formed by a mown crop in a flow of 
crops to be separated, and the goal of the separation is to obtain a useable 
material flow, which contains the grain in the purest possible form, and a waste 
material flow of non-grain components. In a front region (not shown) of the 
combine, the mown crop is removed from a mowing table and supplied from a 
transporter 1 (shown only in a sectional representation) to a tangentially 
operating threshing device 2. The threshing device 2 is constructed essentially 
from a threshing drum 3 with an axis oriented transverse to the driving direction 
of the combine, which is equipped on its outer mantle with friction elements and 
is surrounded on a part of its circumference by a threshing cage 4. A part of the 
grains separated from the stalks in the threshing device 2 falls through holes of 
the threshing cage 2 onto a conveyor floor 1 1 , on which these, as specified by an 
arrow P1 , are conveyed counter to the driving direction of the combine by means 
of shaking movements. 

The main flow of the mown goods, however, is guided through the 
threshing drum 3 and threshing cage 4 and supplied with support of a conducting 
drum 5 to a separating device 6. 
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The threshing device 6 here is illustrated purely in an exemplary manner 
as a cylindrical housing 7 open on its end, which over its entire length, a 
conveying element 8 is supported to be rotatably driven. By the rotation of the 
conveying element 8, the mown goods are conveyed from a spirally formed track 
through the separating device 6. From a top side of the housing 7 into the 

interior, projecting ribs 9 facilitate a through-kneading of the mown goods, when 

( 

the outer edge of the helix of the conveying element 8 brushes against it. The 
slope or incline of the ribs 9 with reference to the conveying direction of the 
mown goods in the housing 7 is adjustable. In this manner, the conveying speed 
of the mown goods in the separating device 6 can be varied. The conveying 
speed must be large enough so that at the entry of the separating device 6, no 
stoppage occurs; on the other hand, it should be as small as possible, in order to 
achieve a long retention period of the mown goods in the separating device and 
the most compete separation of the grain as possible. 

Of course, the conveying speed also can be affected by the rotational, 
speed of the conveying element 8. With increased rotational speed of the 
conveying element 8, the conveying speed not only increases but also the 
centrifugal force, and therewith, the force on the useable material, which drives 
its separation. Simultaneously, however, the retention period of the mown goods 
in the separating device increases. The best rotational speed of the conveying 
element is that, with which the separating force and the retention period achieves 
a common optimum. 
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The lower region of the housing 7 Is formed by the separating cage 10. 
which has openings with adjustable dimensions. The structure of this separating 
cage 10 Is described in greater detail subsequently with reference to Figures 2 
and 3. 

Grains, chaff and fine chaff, which are thrown out through the openings of 
the separating cage 10 from the separating device 6. fall onto a so-called return 
floor 12. This retum floor 12 Is shaklngly moved, so that the collected material on 
it is conveyed in the driving direction of the combine In the direction of the arrow 
P2 and finally meets with the grain already separated in the threshing device 2 
on the conveyor floor 1 1 . in order to form a material flow, which is designated 
here as a pre-cleaned flow. 

The coarse straw that is removed to the greatest possible extent from the 
grain during the process through the separating device 6 is thrown out on the 
reanward end of the separating device 6 and falls through a chute 13 back onto 
the floor. 

The threshing device 2 and the separating device 6 thus form a first 
separating stage, which, on the one hand, runs the pre-cleaned flow and on the 
other hand, runs a first waste material flow comprising threshed out straw. 
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A second separating stage or cleaning stage is essentially formed from a 
blower 14 and a group of sieve floors 15 lying in a wind current of the blower 14. 
which are driven in a frame (not shown) to an oscillating movement and are fed 
with the pre-cleaned flow. The grain contained in the pre-cleaned flow trickles 
through the oscillating sieve floors 15 onto a closed-off first conducting floor 16. 
On the lower end of the conducting floor 16. a conveying worm 17 is arranged, 
which conveys the grain to an elevator (not shown) and via this, into a grain tank 
(not shown). 

Light-weight components of the pre-cleaned flow are taken along during 
the sieve by the wind of the blower 14 and are separated as a second waste flow 
on the floor. Components of the pre-cleaned straw, which have traversed the 
sieve floors 15 on their entire length, without sifting through or being taken away 
by the blower wind, fall finally on a second closed-off conducting floor 18 and are 
conveyed from a conveying worms 19 disposed on its lower end back to the 
threshing device 2 or to the separating device 6. in order to pass through this 
anew. 

Figure 2 shows a part of a second embodiment of a combine of the 
present invention. It differs from the embodiment of Figure 1 in that the threshing 
drum 3 of the separating device 6 is advanced in the axial extension, and that 
between the transporter 1 and the threshing drum, a conveying worm 20 is 
disposed transverse to the drive direction of the combine for snatching up the 
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crop goods in a lateral direction and supplying it to the entry of the threshing 
device 3. The structure of the separating device 6 and the subsequent second 
separating step is the same as with the embodiment of Figure 1 . 

As can be seen in detail in Figure 2. the housing 7 of the separating 
device 6 comprises multiple axially successive segments 21. 22. which differ in 
the separating cage 10a. 10b mounted in their lower region. While the 
separating cage 10b of the rear segments 22 are formed in the common manner 
by a wire grid, whose opening have fixed dimensions, the separating cages 10a 
of the foHA/ard segments 21 have a plurality of lamella 23 staggered in the 
circumferential direction. As can be seen in the cross section of Figure 3. the 
lamella, respectively, can be pivoted about an axis parallel to the longitudinal axis 
of the conveying worm 8 and multiple, adjacent lamella 23 are coupled, 
respectively, by four-joints, so that their pivoting position is controlled by a 
common linear actor 24. The degree of the angular position of the lamella 23 
affects, for one. the width of the gaps between the lamella 23 and. therewith, the 
free cross sectional surface, over which grain and fine straw can leave from the 
separating device, and for another, the degree, in which free edges of the lamella 
23 project into the separating device 6 and form impingement surfaces for the 
crop goods, on which these are additionally minimized and threshed. 

In Figure 3. the lamella 23 of four groups controlled by a common linear 
actor 24 are combined. An electronic control unit 25 controls the pivoting 
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position of each group of lamella 23 independently from the others. About the 
housing 7, grain sensors 26 are arranged, such that they are contacts by grain 
escaping from between the lamella of a group. These act as acoustic sensors, 
which register noise caused by escaping grain, and the control unit 25 connected 
with them count the impulses caused by the escaping grain per unit time and 
measures in this way the amount of grain escaping each group of lamella 23. 

The conveyer floor 1 1 , on which the exiting grains finally fall, is subdivided 
into four fields 11a through d, for example corresponding to the groups of lamella 
23 in the transverse direction, which respectively catch the grain exiting from a 
group of lamella and further convey it to the sieve floor 1 5. Under the sieve floor 
15, further grain sensors 27 in a number corresponding to the number and 
arrangement of groups of lamella are placed. Also, these are connected with the 
control unit 25. which is in a position with reference to the impulses run from it to 
evaluate, for one, the grain flow rate of the sieve floor 15, and for another, by 
comparing the signals from the different grain sensors 27. to evaluate the 
distribution of the grain over the width of the sieve floor 1 5. When an unequal 
distribution is determined, the control unit 25 controls the linear actor 24, in order 
to narrow the gap of a group of lamella 23, which pass through too much or to 
enlarge the width of other gaps, in order to achieve a uniform distribution of the 
grain on the sieve floor 15. Local overloading of the sieve floor 15, which can 
lead to bad cleaning results, is thus avoided. 
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Further grain sensors 28, 29 are mounted on the chute 13 or at the exit of 
the cleaning stage (see Figure 1), in order to detect the remaining portion of grain 
in the two waste streams. This remaining portion may not exceed a threshold 
value of 0.8%, for example, of the amount supplied to the grain tank. In order to 
use the combine as efficiently as possible, one is advised to drive as fast over 
the field to be harvested or to remove the crops so quickly that both separating 
stages work exactly at their respective threshold values. In order to achieve this, 
the position of the lamella 23 must be different according to the degree of 
dryness of the crops. When very dry crops with an adjustment adapted for a 
median drying degree of the crops is processed, the dependency of the grain 
loss portion on the crop flow rate shown in Figure 4a is provided. By means of 
the intense dryness, the crops are easy to thresh and to separate, and the 
separating step can achieve a high flow rate, before the grain loss in this stage 
reaches the threshold value of 0.8% or another threshold value favored by the 
operation of the machine, as shown in the drawn-through curve in Figure 4a. 
Simultaneously, however, a large amount of fine straw, also designated as non- 
grain components, that is, short straw, chaff, and leaf parts, in the cleaning stage, 
so that its capacity already is achieved with a considerably lower flow rate of the 
crops, as shown in the dashed curve in this figure. In order not to exceed the 
grain loss threshold value, then, with this adjustment, the combine must be 
driven with the flow rate of crops determined by the efficiency of the cleaning 
stage. 
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Figure 4b shows the dependence of the grain loss on the crop flow rate 
with an optimal adjustment adapted to the dry crops. With this adjustment, the 
gaps between the lamella 23 are reduced, so that less material penetrates 
through. In order to still achieve a sufficiently complete separation of the grain, 
the flow rate of the separating stage must be reduced; in this regard, the 
conveying speed in the separating device 6 is reduced. Thus, the drawn-through 
curve in Figure 4b. which represents the grain loss of the separating stage as a 
function of the flow rate, the threshold value with a lower flow rate than the 
corresponding curve of Figure 4a. At the same time, this position of the lamella 
leads to conveyance of less fine straw in the cleaning stage. This achieves its 
capacity therefore first with a substantially higher flow rate than in Figure 4a. 
Since the separating stage also first achieves its capacity with this flow rate, the 
combine can be operated at this higher capacity relative to Figure 4a. 

Figure 4c shows the grain loss from cleaning and separating stages, when 
the crops to be processed are moister. corresponding to the adjustment of the 
stages. Here, the separating stage first achieves its capacity and as a whole, 
limits the crop capacity of the combine. Since little fine straw exists and is moved 
into the cleaning stage, this stage could process a stronger material flow with a 
flow rate that corresponds to the capacity of the separating stage, without further, 
than it actually receives. In this case, according to the invention, the transfer 
from the separating stage into the cleaning stage is facilitated, in which the gaps 
between the lamella 23 are widened. In this manner, the capacity of the 
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separating stage increases, and the crop flow rate can be increased up to a 
value, in which the grain loss of both stages simultaneously reach their threshold, 
as shown in Figure 4d. 

In Figure 5. a flow diagram of a method is shown, which is processed in 
the control unit 25. in order to realize the control principle explained with 
reference to Figures 4a through 4d. In a first step S1 . the control unit detects the 
grain loss in the separating and cleaning stage with reference to signals run from 
the grain sensors 28, 29. In step S2 the loss evaluated in this manner is 
compared with the upper limit determined for each stage. If the upper limit is 
exceeded only in the separating stage, the control unit 25 controls in step S3 the 
linear actors 24. in order to reduce its selectivity and pass through more material 
in the cleaning stage. When the upper limit is exceeded only in the cleaning 
stage, conversely, in step S4. the selectivity is increased, in order to relieve the 
cleaning stage. In this manner, the degree of increase or reduction can be 
selected, respectively, proportionally to the degree of exceeding of the threshold 
value, in order to guide back the grain loss as quickly as possible into the target 
area, or it can be processed with fixed increments or decrements, and the 
correction of the selectivity is repeated as often as necessary to bring the loss 
into the allowable range. 

When the loss in both stages exceeds the allowable upper limit, this 
cannot be compensated by a change of the selectivity; in this case, in step S5. a 
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message is displayed to the driver of the combine to reduce the speed of the 
combine and in this manner, to limit the flow rate of the crops. When the upper 
limits of the grain loss are not exceeded in any stage, in step S6, it is checked 
whether, instead, in at least one stage, a lower limit is fallen short of. which lies at 
a percent or a tenth of one percent beneath the corresponding upper limit. When 
this is not the case, the selectivity and the speed of the combine are adjusted 
correctly, and the method reverts directly to step S1. When a falling-short is 
determined, this means that the combine works beneath its capacity and 
therefore is inefficient. In step S7. a command is displayed to the driver to 
increase the speed of the combine, in order to increase the flow rate of the crops. 

Figure 6 shows a modification of the control method. Here, first instep 
S1 1 . the grain loss of both stages is evaluated. Step S1 2 checks whether the 
losses in both stages are balanced, that is. it is checked if the losses in a stage 
lie in an interval defined as a function of the evaluated loss of the other stage. 
The interval can be defined according to diverse criteria, for example, so that a 
predetermined entire loss of both stages is not exceeded, that the energy use if 
minimized, etc. If the losses in one or both directions are not balanced, first in 
steps S13 or S14, the selectivity is corrected. When the losses are accepted as 
balanced after eventually repeating these steps, it is checked (S1 5) whether the 
lower limit of the losses is fallen short of. If this is the case, a command is 
displayed to the driver to drive faster; if this is not the case, in step S1 7. the 
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compliance with the upper limit is check and, if necessary, the drive is advised 
(S18) to drive slower. 

It will be understood that each of the elements described above, or 
two or more together, may also find a useful application in other types of 
constructions differing from the types described above. 

While the invention has been illustrated and described herein as a method 
and device for separating a flow of crops, it is not intended to be limited to the 
details shown, since various modifications and structural changes may be made 
without departing in any way from the spirit of the present invention. 

Without further analysis, the foregoing will so fully reveal the gist of the 
present invention that others can, by applying current knowledge, readily adapt it 
for various applications without omitting features that, from the standpoint of prior 
art, fairly constitute essential characteristics of the generic or specific aspects of 
this invention. 

What is claimed as new and desired to be protected by Letters Patent is 
set forth in the appended claims. 
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